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PART I: INTRODUCTION - SPIN STABILITY OF THE EXPLORER 

SATELLITE* 

According to the classical laws of dynamics of rigid bodies, the condi- 
tions for the stability of rotation of a body may be summarized as 
follows (see reference 1-1; 

"If a body is rotating about a principal axis which is one of 
either maximum moment of inertia or minimum moment of 
inertia, the state of motion is stable; but if the axis of rota- 
tion is the intermediate principal axis, the state of motion 
is unstable. " 

The first U. S. satellite, the Explorer was designed in accor- 
dance with the above mentioned laws to spin about the axis of minimum 
moment of inertia at a rate of about 10 revolutions per second. From 
observations of its antenna pattern it was deduced that after about one 
orbit the spin rate decreased to about 2 cycles per second and that its 
spin axis had rotated about 90°, so that it was now spinning about its 
axis of maximum moment of inertia. The weights and dimensions of 
Explorer were as shown in Figure 1-1. The launching system consist- 
ed of the four stage rocket assembly shown in Figure 1-2. The first 
stage was a high performance version of the REDSTONE ballistic 
missile. Stage II consisted of a cluster of 1 1 solid propellant rockets. 
Within this cluster was nested stage III consisting of three solid pro- 
pellant rockets. On':top of stage III was mounted in tandem the fourth 
stage, a single solid propellant rocket which also carried the payload. 
The entire assembly of solid propellant rockets was mounted in a tub 
on top of the REDSTONE missile. This entire tub was rotated in order 
to average the thrust dispersion effects of the individual motors and to 
provide gyroscopic stability. 

The Explorer telemetered its scientific observations perfectly; 
however, there was a question as to what had caused this dynamic 



Reference I- 1: E. Howard Smart- Advanced Dynamics , Volume II- 

Dynamics of Rigid Bodies - page 211 
♦This section is based largely upon the following report: 

Reference 1-2: William C. Pilkington, Vehicle Motions as Inferred from 
Radio- Signal- Strength Records - External Publication 
No. 551 of the Jet Propulsion Laboratory, California 
Institute of Technology - Sept. 5, 1958. 



2 



ECL 100ft 



anomoly of the change in spin axis. Were the observations in error ? 
Figure 1-3 shows the variation in signal intensity. Because the antenna 
pattern of the satellite transmitters was not perfectly symmetrical 
about the axis of rotation of the body, the spin rate was fairly easily 
read from the records. In addition to this high frequency variation in 
signal strength it was found that there was a low frequency signal 
strength variation which might be either due to ionospheric variations 
or due to a precession of the vehicle. If it is assumed that this effect 
is due to precession of the vehicle then the , half -angle of precession 8 
can be determined by observing the distance between antenna nulls 
(see Figure 1-4). The antenna on Explorer I consisted of four flexible 
whips attached to the body of the satellite (see Figure 1-5). 

Explorer II was launched on March 5, 1958 but did not attain 
orbit because the fourth stage did not ignite. Explorers III and IV 
were launched successfully on March 26, 1958 and July 26, 1958 res- 
pectively. On these two satellites the flexible whip antenna was 
removed and replaced by an integral antenna built into the body of the 
satellite. The dynamic behavior of these two satellites was, however, 
again similar to that of Explorer I, except that the reduction in spin 
rate occurred over a period of 10 days (see Figure 1-6). Figure 1-7 
shows the low frequency variation of signal strength variation due to 
a tumbling or precessional motion. 

Problem 1-1: Try to analyze the various possibilities for this anomo- 
lous dynamic behavior. Some of the questions which 
were raised included the following: 

(1) Were the observations of the high frequency 
roll rate in error? 

(2) Was the interpretation of the low frequency 
pitch precession in error? 

(3) Were the laws of dynamics incorrect, or 
were they improperly interpreted? 
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ROTATIONAL LAUNCHING TUB, 
HIGH-SPEED ASSEMBLY, AND 
RECOVERY PAY LOAD 




STAGE 4 



Figure 1-2, The Launch Rocket System for Explorer I 
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PATH 




GROUND RECEIVING STATION 

9 - HALF-CONE ANGLE OF PRECESSION 

0 = DISTANCE BETWEEN ANTENNA PATTERN NULLS 

R = MINIMUM SLANT RANGE 



Figure 1-4. Method of Obtaining Cone Angle of Precession by Direct 
Evaluation of Signal-Strength Records 



-7- 



ECL 1006 



HIGH-POWER 




TRANSMITTER 



EXPLORER HI 



Figure 1-5. Cutaway View of Explorers I and III 
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Figure 1-6. Plot of Spin Rate vs. Time for Explorer III after Injection 
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Figure 1-8. Plot of Approximate Cone Angle of Precession vs. Time 

for Explorer III 
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PART II: ANALYSIS OF THE DYNAMICS OF THE EXPLORER 
SATELLITE 

The following analysis of the tumbling of the Explorer Satellite 
was prepared by Mr, Willard Wells, and is contained in the appendix 
of reference 1, under the following heading: 

Spin Stability of Space Vehicles and the Tumbling 
of Explorer I 
by 

Willard Wells 
Research Engineer, Jet Propulsion Laboratory 

Introduction 

The rotation of a rigid body is stable if the body is rotating about 
the axis of least or greatest moment of inertia. If the body is nearly 
rigid, but has some part which moves slightly with friction, then only 
rotation about the axis of maximum moment is stable 

The purpose here is to study nearly rigid bodies and their rate 
of transition from rotation about any axis to stable rotation about 
the axis of maximum moment* Knowledge of this transition time is 
important in designing space vehicles which are required to have a 
stable attitude. In the case of a saucer- shaped vehicle, the transition 
time is the time required for the attitude to become fixed after some 
perturbation. In the case of cigar-shaped vehicles, such as the 
Explorers, the initial spin 4 about the symmetry axis is an unstable 
equilibrium. The transition time tells how quickly an operation re- 
quiring fixed attitude must be performed before tumbling sets in. 

The general problem will be reduced to the following form. A 
formula will be derived for the forces which act on the frictional parts 
in terms of the parameters which describe the location of the friction- 
al parts in the vehicle and the rotation of the vehicle as though it were 

Ref. 1: William C. Pilkington - Vehicle Motions as Inferred from 
Radio-Signal Strength ReGords including Appendix by 

Willard Wells "Spin Stability of Space Vehicles and the Tumbling 
of Explorer I", External Publication No, 551 - Jet Propulsion Laboratory, 
5 Sept. 1958. 
4 

The word spin will always refer to angular velocity about the symmetry 
axis; tumbling, to angular velocity at right angles to this axis* 
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rigid. From these forces the rate of energy dissipation must be found 
either theoretically or by reproducing the forces in the laboratory. The 
energy dissipation rate than goes into another formula (Eq. C-10) to 
give the slow rate of change of parameters which would be constant for 
a perfectly rigid body. 

Explorer I was a nearly rigid body rotating initially about it£ 
unstable axis of least moment. The most important frictional parts 
were the whip antennas. The change of Explorer I from unstable ppiri 
motion to the stable tumbling motion is analyzed as an example of the 
above method. The results agree well with radio data. 

Rigid Body Motion 

The motion of free rigid bodies is derived in many mechanics 
texts (Refs. 2, 3). The results of the derivation will be summarized 
here. Let 1^, I2, and I3, be the principal moments of inertia of the 
rigid body. In the case of a symmetrical body, is the moment about 
the symmetry axis and 1^ = ^ The body will be represented by its 
so-called ellipsoid of inertia (Ref. 2) which is long or short in the same 
general directions as the mass distribution of the body it represents. 
Thus, the ellipsoid for Explorer I is cigar- shaped. The equation of 
the ellipsoid is 

„ _ a 2 2 — — 2 

1 = I i ?i +I 2 e 2 +i 3 ? 3 

where P., and P „ are coordinates along the principal axes. The 

12 3 -1/2-1/2 -1/2 

ellipsoid intercepts the principal axes at distances I , I , and I * 

For Explorer I, these are in the ratio of about 1, 1,8.7. Imagine the 
body contained in the ellipsoid and rigidly attached so that the center 
of mass (CM) lies at the center of the ellipsoid, and the principal axes 
coincide. Then the motion of the ellipsoid gives the motion of the body. 
The most general motion is as follows: the ellipsoid rolls without 
slipping on a plane while its center is fixed. The angular momentum 
vector L is perpendicular to the plane as shown in Fig. C-l. The an- 
gular velocity vector CO passes through the CM and the point of contact 
with the plane, since these points are stationary. While Lis fixed in 
space, f-O , in general, changes direction in both body and space fixed 
coordinates. This is possible because 

Ref 2. Goldstein, Herbert - Classical Mechanics, Addison We sley 

Pre ss , Cambridge 1953 
Ref 3. Slater, John C. and Frank, Nathaniel £L Mechanics, McGraw 
Hill Book Co. , New York 1947 
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L = I 1 W 1 +I 2^2 +I 3 a 3 

so that L» can be formed from different amounts of CO j , CO.,, and 
depending on the I's and the orientation of the body. 

Until otherwise stated, from now on! only the symmetric case 
1} = l^, will be considered. The ellipsoid becomes a figure of revolu- 
tion, the 3 axis being the symmetry axis. In this case, Fig. C-l shows 
that the 3 axis precesses in a circular cone of half-angle d , while CO 
precesses in a circular cone of half-angle 6 - (3 . 

This is the same motion as is obtained if the body is represented 
by a cone (Ref. 3) of half-angle @ rolling around a space cone of half- 
angle 9 - P with vertices coinciding as shown in Fig. C-2. This re- 
presentation will be used later. Figure C-2 _also shows the vector CO 
resolved into <P , the precession rate, and T , the rotation rate 
relative to a plane through L» and the 3 axis. 5 The notation + , ^ , 
and Q refers to Euler angles (Ref. '2, p. 107, or Ref. 3, p. 108). The 
quantities in Fig, C-2 are related through the moments of inertia by 
(Ref. 3, p. 112) 

cp cos Q ■= — C0o (C-l) 
1 

Y = — f CO, (C-2) 

1 

where (O^ = y + <f cos 0 . For Explorer I, and CJ ^ were observed 
directly from intensity fluctuations in the radio signals. Knowing these, 
Eq. (C-l) relates 6 to the moment of inertia ratio. 6. Using the tri- 
angles of Fig. C-2, it is easily shown that 

i 3 

tan (J = tan 0 (C-3) 
1 



5 



t * 1 * 

The distinction between'y and i|T + Cp i s analogous to solar and side- 
real time; respectively. 

^Eq. (C-l) applies to nearly rigid bodies also. 
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For Explorers I and III, I /l 3 was about 75. In this case, Eq. (C-3) 
shows that$ is a small angle until the satellite tumbles to an angle 
Q very near to 90 deg (arctan 75). This checks with Fig, C-l lor the 
case in which the major axis is 8.7 times ( V 75 x) the minor axis. 
Since the last few degrees of rubmling are not very interesting, the 
approximation @ « 1 radian will be used. 

Nearly Rigid Body Motion 

If a body is nearly rigid, the effects of frictional parts will be 
very small during one period of precession (27T/9 )• Therefore, the 
rapid motion will still be described by the rolling ellipsoid of Fig. C-l. 
The only remaining part of the description of motion which may be 
changed by friction is the spin rate and the parameters which describe 
the cone of precession; that is, the cone of half-angle 6 , which the 3 
axis traces out. ? Since there are no external forces, the vector L is 
constant. Therefore, the orientation of the precession cone does not 
change, since its axis is parallel to L. This leaves only d and CO to 
change, butcjis determined by the constant magnitude of L when 6 is 
given, the equations being 

L 3 = L cos 9 = CJ 3 I 3 (C-4) 

L 1 = L sin 0 = CO I 

Thus, 8 is the only quantity for which an equation of motion must be 
found and integrated. It is also a convenient quantity, since it is 
the most obvious one to measure when looking at a precessing body. 

For the important case in which $ is initially zero, and CJ initially 
CJ ft , it is convenient to express Gd~ in terms of CO^, and 8 . By Eq, 
(C-4). 

B — C t OS h) a (J Q cos 9 (C-5) 



7 

Lrooking at Fig. C-2 5 one might think both body and space cones can 
change angle, but these are related by Eq. (C-3). It can be seen 
in Fig. C-l, that there is no problem because @ and 0 are related 
by the shape of the ellipsoid which does not change permanently, al- 
though it does vibrate slightly as the frictional part moves. 
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Substituting Eq, (C-5) in Eqs. (C-l) and (C-2) gives 



4> =— co. 



(C-6) 



■1 



CJ Q cos 0 



(C-7) 



Note that ^ is a constant of the motion. For Explorer I this is con- 
firmed by radio data. 

A first -order differential equation for d is found simply by 
conserving energy and momentum. The kinetic energy T may be ex- 
pressed in terms of L and 6 as 



T = — 

21, 



2L 



T 



2 2 
sin 8 cos & 



I 



(C-8) 



i 



The only variables in Eq. (C-8) are T and 9- The quantity T decreases 
as energy is dissipated, changing $ , at a rate given by the derivative 
of Eq. (C-8). 



d6 
dT 



Since T decreases, Eq. (C-9) says that 6 increases if 1^ and d 
decreases if I3 > Ij. In both cases, CJ tends toward the axis of largest 
moment of inertia. In other words, the spin of a saucer- shaped body 
is stable, but that of a cigar- shaped nearly rigid body is unstable and 
changes to a tumbling^ motion. 

To form the differential equation in terms of $ only, one can 
substitute Eq. (C-9) into the identity 



dt 



dfl 
dT 



dT 
dt 



obtaining 



dd 
dt 



= 2 



dT 
dt 



sin 



20 



l„ 



(C-10) 
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Problem II- 1: 



(a) Compute the kinetic energy as a function of the 
half-angle B of the precession cone 



Problem II- 2: 



Problem II- 3: 



Problem II-4: 



Problem II- 5: 



(b) Compute the rate of energy dissipation as a 
function of time for Explorer III, from the 
data shown in Figure 1-8. 

(a) How would you determine in the laboratory the 
rate of energy dissipation of the four antenna 
wires in Explorer I? 

(b) How would you determine in the laboratory the 
rate of energy dissipation of Explorer III: 

(c) How would you estimate the order of magnitude 
of energy dissipation for a new design? 

Verify equations C-l, C-2, and C-3, 

How would you redesign the Explorer so that it 
would spin stably about the axis of rotation? 
What would you specify as the ratio of momert s 
of inertia :?• 
T? 

Suppose you had a satellite spinning about the axis 
of maximum moment of inertia. How would you 
engineer a n wobble damper" to reduce the wobble 
to a minimum? What is the minimum degree of 
wobble that you would be willing to guarantee to 
the customer (NASA)? 
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PART III: OTHER INTERESTING DYNAMICS PROBLEMS ASSOCIATED 
WITH THE EXPLORER SATELLITE 

A, Coupling of Whirl Vibration of Explorer Cluster with Bending 
Vibration of Launch Vehicle 

lr\ order to achieve the desired accuracy of injection of the 
Explorer satellite into its orbit it was decided that the cluster of 
stages II, III, and IV should be prerotated to an angular velocity 
of 750 rpm before launching stage II. In principle this could have 
been accomplished just before burn-out of stage I either by a spin- 
up rocket or by an electric motor system. From the standpoint 
of reliability it was decided to prerotate the cluster with an electric 
motor drive, while the rocket was still sitting on the launching pad 
and to keep the angular velocity adjusted by an rpm governor. 

The natural bending frequencies of the Redstone booster were 
computed as a function of flight time. These natural bending fre- 
quencies increase a$ the propellants are consumed. The natural 
frequency of the first bending mode remains below the cluster 
rotational speed at all times. The natural frequency of the second 
bending mode, however, at t = 134 seconds passes through 12. 5 
cycles per second, which is the spin frequency of the Explorer 
cluster. The time rate of change of this second mode frequency is 
more than 1/4 cycle per second. 

Problem III- 1: 

The DeLaval steam turbines have demonstrated for more than 
50 years that it is feasible to have a rotating system pass through a 
critical speed. 

What analysis or tests would you recommend to make a decision 
whether it is safe to have the rocket prespun at 750 rpm and to have 
the bending frequency pass through the frequency of 12. 5 cycles per 
second. 
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Solution to Whirl Vibration Problem: 

The solution which was adopted for the Explorer system is 
described in ref. Ill- 1 as follows: 

"The procedure for cluster run-up is as follows: 

Prior to launching, the tub is rotating at 550 rpm. The missile 
takes off when this speed has been attained. About 70 seconds after 
take-off, a governor controlled by tape programmer inside the missile 
changes the regulator setting gradually up to 650 rpm. At 115 seconds 
after take-off, it rises to 750 rpm. Thus while the first- stage flight 
is in progress, the rate of spin slowly accelerates. 

This procedure was selected to avoid resonance between the spin 
frequency of the cluster and the bending frequency of the booster. This 
bending frequency changes as propellants are consumed. The rpm 
must be kept down to 550 so long as the tanks are full and the bending 
frequency is correspondingly low. Only after the booster has consumed 
a substantial volume of propellants can the spin, frequency be increased. 
The increase is about proportional to the increased bending frequency. 
At no time in flight is a critical frequency experienced. 

About 20 seconds before cut-off, the maximum spin rate of 7 50 
rpm has been reached. There is no change in it during the free coast- 
ing climb to apex. M 

In a later memo Dr. von Braun commented that in view of the 
high rate of passing through the critical frequency detrimental coupling 
would probably have been precluded. He decided, however, to adopt 
the above de scribed more conservative approach. 

Reference III- 1: W. von Braun, The Explorers, Astronautica Acta, 

1959, pp. 136-137 

Footnote: 

In 1959 a Lockheed Electra airplane crashed after disintegrating 
in flight. In I960 a similar Electra crash occurred and all Electra air- 
planes were grounded until these flight failures were explained. An 
exhaustive structural and dynamic investigation was made into these 
failures. The NASA report on the investigation* concluded that this 
failure was due to a coupling of the natural bending-tor sional vibration 
of the wing with the propeller rotational motion on the outboard nacelle. 
The mystery with this Electra vibration was why this phenomenon should 
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B. Increase of the Spin Rate by Rocket Exhaust 

In Reference 1-2 W. C, Pilkington describes the variation in 
the spin rate during the boost phase as follows: 

"The spin data on the Explorer III launch is contained in Fig. 
Ill- 1. Note that the spin rate was approximately 12.7 rps during 
the entire coast period. Stage 2 ignition did not change the spin ratej/ 
it was continuous through stage 2 burning and stage 2 coast at 12,7 
rps. No points were available during the stage 3 burning, but a 
good point is available during the coast period between stage 3 burn- 
out and stage 4 ignition. The dotted lines show a rapid decrease on 
stage 3 ignition, but the spin could have varied in several other ways. 
At stage 4 ignition the spin apparently decreased to approximately 
10 rps. One fairly poor point just after the start of burning gave 
a value of 9. 8 rps. After burnout many points are available at 10 
rps. The rate did not change during the rest of this record. Ex- 
plorer III had no transient similar to that of Explorer I, and Ex- 
plorer III went sucessfully into orbit, although there was a small 
angular error on injection (end of burning of stage 4). 

The spin record of the Explorer IV launch phase is shown in 
Fig. Ill- 2. The spin was constant at 12*5 rps during the coasting 
phase before stage 2 ignition. Upon stage 2 ignition the spin re- 
mained sensibly constant and only changed upon ignition of stage 3. 
Several points imply that the spin changed from approximately 12.. 5 



Footnote (continued) 

be found only after more than 80,000 hours of successful flight 
operations of the Electra airplanes. This was resolved finally 
by experimental tests of a dynamically similar model in a NASA 
wind tunnel. It was known that the Electra which had crashed had 
experienced a hard landing earlier. By simulating damage in the 
outboard nacelle such as might occur after a hard landing the wind 
tunnel model demonstrated that coupling could develop between the 
propeller rotation and the wing oscillation. This combined bending - 
whirl mode built up over a period of 20 to 40 seconds from incep- 
tion to destruction of the wing. 

The fix consisted in a major stiffening of the wing and engine 
mount structure to avoid any possibility of coupling of the propeller 
whirl mode with wing bending or torsional vibrations. These modif- 
cations were carried out on all existing Electra airplanes, and the 
airplane has had an excellent safety record since then, 

^Reference III- 2: Robert J. Serling - The Electra Story, Doubleday 

and Company - page 81 
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to about 11,9 rps at stage 3 ignition and remained relatively constant 
during the burning of stage 3 and the coast following it. Upon igni- 
tion of stage 4 the spin decreased to approximately 10. 5 rps and 
then increased slowly to approximately 11.2 rps at the burnout of 
stage 4. The spin then remained constant to the end of the launch 
pass. The reasons for the apparent decreases upon ignition are 
not completely understood, nor are the exact reasons for the in- 
crease during the burning understood. However, it is certainly 
easy to visualize possible reasons for each of these. An example 
of a reason for decrease might be some interference on the launch- 
ing apparatus as the stages separate. A possible reason for the 
slow change during burning is the following: the gases going out 
of the nozzle have angular velocity relative to the nozzle since 
the radius at which the gases are generated is different from the 
nozzle radius, and this transfers angular momentum to the nozzle, 
changing the spin of the stage, M 

Fig. Ill- 3 shows that Explorer I experienced a similar in- 
crease in spin rate during the burning period, as Explorer IV. 

Problem III- 2: 

When a rocket undergoes longitudinal oscillations find the 
magnitude of the "damping force" due to the jet exhaust. 

Suggestion: Consider a rocket mounted on a whirling arm rota- 
ting at a uniform velocity. The rocket fires radially outward. 
Compute the torque required to keep the whirling arm rotating 
at a constant velocity from the time rate of change of the angu- 
lar momentum in the discharged rocket gases. 



- 23 - 



ECL 1006 



13.5 



13.0 



11.9 



1 1.0 



10.3 



























r- STAGE 2 


J IGNITION 




STAGE 3 1 


GNlTlON 
































' * 




















r s 


TAGE 4 IGN 


ITION 
















' 0 1 
























































OATE'8-16 

1 


-58 














i 

1 



o 

XT 


XT 


? 




8 


O 


o 






V 

























TIME, GMT 

Figure III - 1. Plot of Spin Rate vs Time for Explorer III During 

High-Speed Staging 
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Fig.in-3. Plot of Spin Rate vs Time for Explorer I During 

High-Speed Staging 
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Problem III- 3: 



(a) Fig. Ill- 4 and the table below present descriptive 
data on the Explorer IV fourth- stage motor. How 
would you explain the increase in angular velocity 
of the Explorer rocket during burning? How is this 
additional angular momentum physically transferred 
from the propellant to the motor case ? 

(b) It is reported that for some spinning rockets the 
angular velocity decreases during burning. How 
would you explain this phenomenon? 

(c) What would be the effect of jet damping (as discussed 
in problem III- 2) upon the precessional motion of a 
rocket.? 



Table: Principal Data on Explorer IV Fourth' Stage Motor: 

Length (overall, including nozzle) 46.5 inches 
Diameter (excluding thrust and 

attachment fittings) 6. 00 inches 

Weight (loaded) 61.44 pounds 

(after burning propellant) 11. 91 pounds 

Effective thrust (80°F) 2015 pounds 

Effective burning time (80°F) 6. 08 seconds 

C. G. location from head end- loaded 20. 6 inche s 

-empty 25.7 inches 

Nozzle expansion angle 30 degrees 

Effective head end pressure 618 psia 

Total impulse 12250 pounds- seconds 

Effective specific impulse 249 seconds 
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PART IV: HISTORICAL BACKGROUND OF EXPLORER, THE FIRST 
U, S. SATELLITE - by William Bollay 

In the early 1950 , s I had started my own company, the Aero- 
physics Development Corporation and I served as President and 
Technical Director, One of the fields which interested me per- 
sonally was hypersonic aerodynamics. Since our small company 
could not afford a wind-tunnel I looked into the possibility of building 
a small hypersonic test vehicle. I was pleasantly surprised to find.| 
that this appeared feasible by assembling a cluster of small solid 
propellant rockets, the LOKI, into a two 'stage rocket which we 
called the HTV (Hypersonic Test Vehicle). The Air Force support- 
ed the development of the HTV, and we initiated a test program 
firing first a single stage, then a two- stage, and finally a three- 
stage cluster of these rockets. 

During a visit to Redstone Arsenal in the spring of 1954 I 
mentioned to Dr. von Braun this interesting and very simple method 
of achieving hypersonic speeds. At that time, Dr. von Braun was 
the Technical Director of the Guided Missile Development Division 
at Redstone Arsenal in Huntsville, Alabama, where the Redstone 
and Jupiter Missiles were being developed. I reported that we 
could attain an increase of velocity of about LV = 5000 ft/sec per 
stage (neglecting drag), so that a three stage version should be 
able to attain about h V = 15, 000 ft/sec in a vacuum. He became 
very much interested at this point and explained that the Redstone 
booster would be able to achieve about 10, 000 ft/sec and by taking 
advantage of earth rotation (about 1500 ft/ sec) the REDSTONE plus 
our three stage solid-propellant cluster would therefore be able 
to exceed the minimum velocity required for an artificial earth 
satellite (25, 591 ft/sec.) 

We agreed to study this combination in more detail. With 
Dr. von Braun's support the Office of Naval Research in Washington 
agreed to sponsor a study contract by the Aerophysics Development 
Corporation for ''Project Orbiter", and the Redstone Missile Organi- 
zation (supported by the Army Ordnance Department) studied the 
modifications necessary in the REDSTONE missile to carry our 
cluste r- rocket payload. Our joint studies confirmed that we should 
be able to accelerate a five pound instrument payload to the satellite 
velocity. We could not, .however, carry the weight of a guidance and 
control system on the small solid propellant rockets. We therefore 
proposed to use the "Poor Man's Stabilization System", i.e. , a 
spinning rocket cluster. We proposed that a spin table be installed 
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on top of the REDSTONE missile to provide a pre spin to the solid 
propellant clusters before they were fired. Thus any small differ- 
ences in the thrust level and burning time of the individual rockets 
would be averaged out. 

The Aerophysics Project Engineer on this study was Mr. James 
B« Kendrick. He carried out the detailed design and performance 
studies* He studied a nunb er of alternate designs including clusters 
of Loki II rockets, and clusters of 6 inch or 7 inch scaled down Ser- 
geant rockets. He showed that it was feasible to aim the cluster 
accurately enough by balancing the cluster very precisely in a spin- 
up test stand and then spinning the cluster prior to launching from 
the REDSTONE' Dr. Nils O. Myklestad performed the dynamic 
analysis of the dispersion of the spinning satellite as a function of 
the small differences in thrust and burning time of the individual 
rockets. 

The feasibility studies at Aerophysics on this project "Orbiter" 
progressed very satisfactorily. They were reviewed and checked by 
the Jet Propulsion Laboratory of Gal. Tech. and by Redstone Arsenal, 
and it was planned to prepare for a satellite firing in the fall of 1956. 
Unfortunately, in August 1955, the committee involved in planning 
the IGY Satellite Program recommended termination of our small 
and low cost Project "Orbiter" and instead proposed to start a brand 
new satellite project namely, Vanguard. As a result of this ad- 
verse recommendation Project "Orbiter" was terminated. 

Fortunately the Guided Missile Development Division at Red- 
stone Arsenal decided to continue the development of the concept of 
"spinning clustered solid-propellant rockets for upper stages" toward 
a slightly different objective. By replacing the last of the three solid 
propellant stages with a model nose-cone this cluster was adapted to 
study the problem of ballistic reentry. Inhouse studies on clustered 
upper stages, and on their integration with Redstone Missiles, re 
initiated at Redstone Arsenal and at JPL; they resulted in the develop- 
ment of a high-speed test vehicle capable of generating the high velo- 
cities encountered by re-entering Jupiter warheads. This high-speed 
test vehicle was named "Jupiter C". Our Aerophysics Development 
Corporation developed the "Rocket Cluster Assembly and Test Stand" 
which was used very successfully for checking the balance of the 
satellite clusters on the Jupiter C firings. The first Jupiter C re- 
entry vehicle was successfully launched on September 20, 1956. It 
was a test vehicle similar to the earlier "orbiter" configuration, ex- 
cept that the fourth stage carried an inert ballast instead of pro- 
pellant. The first successful nose cone flight for missile reentry 
took place on August 8, 1967. 
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On 4 October 1957 the Soviets successfully launched the first 
SPUTNIK, This event caused considerable discussion in the world's 
press. The Vanguard satellite program had been delayed, as des- 
cribed in Appendix A. Drew Pearson in his column of October 25, 
1957 gave the first report on project ,! Orbiter ,! and its cancellation 
(Appendix B). Finally on Nov. 8, 1957 the Secretary of Defense 
announced that the Army was to participate in the IGY satellite pro- 
gram. In just 84 days from the announced authorization on January 
31, 1958, Explorer I, the free world's first satellite was success- 
fully orbited. 

The background story on the Orbiter-Explorer decision was 
presented fairly accurately in U. S. News and World Report of 
Nov, 22, 1957 (Appendix C). 

The technical aspects of the Explorer development are pre- 
sented in Appendix D and reference IV- 1. 



Ref, IV- 1: W. H. Pickering, History of the Juno Cluster System - 
Astronautical Engineering and Science, McGraw Hill 
(1963) 
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APPENDIX A 
TROUBLES BOOST VANGUARD COST 

Washington - Additional $34. 2 million requested by Navy from 
Defense Department funds for completion of Project Vanguard was 
made necessary partly by developmental troubles with first and 
second stage engines and the satellite launching vehicle itself. All 
three now have been corrected. 

Rear Adm. Raw son Bennett, Chief of Naval Research, ex- 
plained to a House subcommittee that only three things can be 
adjusted "whenever you run into any kind of trouble in a development 
project 1 ' - money, time and performance. 

Solution With Money 

"We are not at liberty to change either the time or perfor- 
mance, so we have to use money to get out of trouble* M 

The troubles were: 

• General Electric Co. first-stage engine, "It seemed to burn out, " 
Adm. Bennett said. ". . . The real answer was quality control; the 
nozzles, the injectors and other items were not being accurately 
enough made so that unusual heats, that is, local heat spots in the 
engine, would be prevented* Once that was realized and corrected 
the first- stage engine was on the beam" 

• Aerojet- General Corp, second- stage engine. This engine Vwas 
in a similar sort of trouble." Adm. Bennett said. "The source 
or reason for the trouble was also unknown. It eventually turned 
out to be a somewhat similar type of defect and was corrected. " 

• Martin Co. launching venicle. "The structural trouble was the 
computational suspicion that vibration, etc. , would set in within the 
vehicle frame, " Adm, Bennett said. M This was eventually ironed 
out but at considerable time and expense for recomputation and re- 
engineering. We did not lose any particular fabrication time or 
energy, only the money in correcting the defect. " 

Total Cost 

Total estimated cost of the Vanguard program, including 
the $34. 2 million, is $1 10 million. Capt. A. B. Metsger, Deputy 
Chief of Naval Research, told the Senate Appropriations Commit- 
tee that "if we do this by the end of 1958 for $110 million, this 
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will be the quickest and cheapest rocket project that has ever 

been seen, and I think we may well do it. This is a bargain-basement 

job." 

Adm. Bennett cited two other factors contributing to rising 
Vanguard costs, which Rep. George H. Mahon (D-Tex. ) said had 
"ballooned heavenward to a pretty high point. M 

• M When the scientists discovered that they could not just simply 
take items off the shelf, put them together and have a successful 
satellite. M 

• "When the detailed specifications were written, and for the first 
time everyone realized the full implications of the development 
work involved. " 

Martin Co. , prime contractor on an installment type cost 
plus fixed fee contract, has estimated committed costs to date 
to be $47,581,000. Navy said, Original estimate in March, 1956, 
was $28, 649, 000. 

Test Program 

Other highlights of the Navy testimony: 

• Second test firing last May, using a Viking rocket plus Vanguard 
third stage prototype, "proved beyond a shadow of a doubt the 
essential soundness of the design for separation and spin stabili- 
zation of the Vanguard third stage. " Adm. Bennett also said 
proving the fact "that the rocket would ignite and burn satisfac- 
torily at this altitude (was) successfully accomplished. " 

•First Minitrack station, now in operation at Blossom Point, Md. 
"has been receiving signals from celestial bodies since last fall. 
This station recently picked up signals from the moon. " 

•Some Vanguard rocket instrumentation and the Minitrack trans- 
mitter "performed successfully" in the first test firing last 
December, using a single stage Viking rocket. 

• Total of two Vikings and five Vanguard test vehicles will have been 
fired before first of six Vanguard launching vehicles is fired (see 

p. 86). 

•Instrument packages for first few satellites now are fairly firm. 
Package I will include devices for measuring atmospheric environ- 
ment and solar ultraviolet radiation. Package II will measure cos- 
mic rays. Package III will measure the earth 1 s magnetic field and 
aerodynamic drag on the satellite. Package IV will be either a 
meteorological experiment or investigation of the earth's radiation 
balance, 
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APPENDIX B 

Washington Post - Oct. 25, 1957 
Washington Merry-Go-Round Drew Pearson 

SIX SATELLITES UNDER WRAPS 

Washington - One of the unpublished facts about the American 
"Sputnik" snafu is that the Army has six satellites in a warehouse 
in Hunts ville, Alabama, all ready to launch. They could have been 
launched before the Sputnik, thus keeping the U? S. A. ahead of the 
U. S. S. R. in science, and preventing one of the greatest psychological 
defeats the United States ever suffered. 

But for some strange and mysterious reason, difficult to fathom, 
the Army was under orders not to launch these satellites. 

About three months ago, the Budget Bureau, which operates 
directly under the White House, actually sent auditors to the Army's 
Redstone Arsenal at Huntsville, to make sure the Army did not spend 
a nickel on the satellite program. 

All Complete 

The six satellites now gathering cobwebs in a Huntsville ware- 
house, are complete with fibreglass, radio transmitter and gyro 
mechanism. They are elongated in shape, nicknamed by the Army 
the "Baseball Bat". 

In trying to track down the reason why these satellites were 
sidetracked, this column ran into rigid government censorship. 
Every official connected with the military phase of the satellite 
program has been ordered itot to talk to the press. 
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MYSTERY OF THE 
SIDETRACKED SATELLITE 

The Documented Story of a Decision That Gave Russia the Edge 



Nine years ago the U. S. began planning to 
launch an earth satellite. 

First, the Army got the job. Later, the Navy 
and Air Force were brought in. Now, the Army 
has been told to go ahead full speed. 

Delays occurred. U. S. still has no satellite. 

Step by step, for the first time, you learn 



here the full story of how Americans let the 
Russians win the race into space. 

The decisions, the hesitations, the cancella- 
tions are fitted together from official papers, 
and reports from former officials. 

These are facts that investigators in Con- 
gress will look for— told to you now. 



Exactly what happened to cause the 
United States to lose out to Soviet Rus- 
sia in launching the first earth satellite? 
When was the decision made that gave 
the Soviet Union its chance to capture 
the imagination of the world? Who made 
that decision, and why? 

These are questions widely asked. 
Leaders in Congress are getting set to 
dig out the answers through investigations 
soon to get under way. These Congress- 
men express chagrin and bewilderment 
over the question of why this country lost 
a race that easily could have been won. 

The answers— how the Russians got 
into- the race, what the U. S. did— are 



given in the report that follows. This re- 
port is based upon documents and state- 
ments, and upon interviews with officials 
and scientists involved in the whole ven- 
ture from its start. 

The report begins with the first known 
official U. S. document to mention launch- 
ing of a satellite with a guided-missile 
rocket, nearly nine years ago. It contin- 
ues to Nov. 8, 1957, when the Army 
was ordered to use its Jupiter-C rockets 
to launch cylindrical satellites as soon 
as preparations can be completed. This 
latest order to the Army goes full 
circle back to the original plan to put 
up a satellite with the Army rocket by 




—Wide World 

FORMER RESEARCH DIRECTOR QUARLES AND FORMER SECRETARY WILSON 
A panel in the Pentagon made the choice between competing satellite plans 



summer or early autumn of this year, 
ahead of the Soviet Sputnik— but the 
Army was shunted aside. How and why 
is part of the story told here. 

First Clue- 1948 

December, 1948. The first clue that 
the U. S. was working on a satellite came 
at this time in the annual report of the 
late James Forrestal, Secretary of De- 
fense. The report sai<J: 

"Guided missiles.— The Earth Satel- 
lite Vehicle Program, which was being 
carried out independently by each 
military service, was assigned to the Com- 
mittee on Guided Missiles for cOrordina- 
tion. To provide an integrated program 
with resultant elimination of duplica- 
tion, the committee recommended that 
current efforts in this field be limited to 
studies and component designs . . 

It was more than five years later thai 
the first specific plan to send up a satel- 
lite crystallized, in June, 1954. Step by 
step, from that time to the present, th' 
story unfolds. 

A report made in February, 1956, b 
an officer of the U. S. Navy, tells how thte 
first satellite project was born— and died. 

June 25, 1954— On this date, in Rofcm 
1803, T-3 building of the Office of Niival 
Research "in Washington, military (and 
civilian scientists planned the 
launching. Leaders in this group Were 
Dr. Wernher von Braun, German-born 
rocket scientist from the Army's missile 
center; Fred Durant, president of 
the International Astronautical Federa- 
tion; Dr. Fred Whipple, astronomer and 
long-time scientific adviser to the armed 
services; Dr. S, Fred Singer, an adviser 
on rockets and missiles, and Commander 
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MISSILEMAN VON BRAUN NOSE OF A REDSTONE ON THE PRODUCTION UNE 

. . . with Redstone model The Army planned to use the rocket to launch a satellite 



George W. Hoover, Office of Naval Re- 
search. 

This group agreed upon the Army's 
Redstone rocket, capped with a Loki 
rocket for its second stage, as a combina- 
tion that could throw a satellite into an 
orbit at least 200 miles from the earth 
without new major development." 

A satellite of about five pounds could 
>e put up quickly, a larger, better- 
nstrumented one soon afterward, they 
>elieved, if aa official project, with Army 
jartie!?ation, could be set up. 

Rear Adm. Frederick R. Furth, then 
:hief of Naval Research, approved the 
dea, authorized an approach to Army 
nissile directors at Redstone Arsenal in 
Alabama. 

Aug. 3, J 954— Navy, officers and 
scientists conferred at Redstone Arsenal 
ith Dr. Von Braun and Maj. Gen. Hol- 
jr N. Toftoy, commander of the Red- 
tone base. As a result; the Chief of Army 
Ordnance, Maj. Gen. Leslie E. Simon, 
•nd Admiral Furth. agreed upon a project 
ing both Army and Navy facilities to 
at the ball in space. 
\t this point, the satellite plan got an 
rial name-'Orbiter." The plan went 
high gear. 

*bs were divided. The Army was 'to 
l and build the rockets and do the 
al launching. The Navy's tasks: build 
satellite, set up tracking stations, re- 
.d the scientific data. 
Contracts were let: to Alabama En- 
teering and Tool Company to make 
tne second-stage rocket mount and guid- 
mce, system; to Aerophysics Corporation 
:o refine the second-stage rocket; and to 
the Varo Manufacturing Company to de- 
sign instruments for the satellite. 

J. S. NEWS & WORLD REPORT, Nlov. 22, 1957 



Oct, 4, 7954-Another U.S. satel- 
lite program was born, in Rome. U. S. 
scientists attended a meeting there of 
the Special Committee for the Interna- 
tional Geophysical Year— an interna- 
tional scientific group representing some 
60 nations, incl ining the Soviet Union. 

As a result of suggestions by the Amer- 
ican scientists, ,±his group asked nations 
with rocket capabilities to consider 
launching scientific satellites during IGY, 
an 18-month period beginning July 1, 
1957. It was this idea that led to the 
Vanguard satellite plan. 

Jan. 20, 1955— Orbiter was still mov- 
ing along. The Air Force was invited to 
join and aid in supplying the project 
and in tracking the satellite. 

At this time, the whole plan was sub- 
mitted to Donald A. Quarles, then Assist- 
ant Secretary of Defense for Research 
and Development. Through Mr. Quarles 
the plan was to be taken up with Secre- 
tary of Defense Charles E. Wilson. A 
major policy decision of space satellites 
now was called for. 

The Naval Research Laboratory also 
came into the program and offered its 
Minitrack devices— the same as are to 
be used in the current Vanguard project 
—to track the satellites. 

March, J 955-The scientists 1 idea, 
now considerably refined, was taken to 
the White House by Dr. Alan T. Water- 
man, director of the National Sci- 
ence Foundation. Dr. Waterman did 
not get to see President Eisenhower; he 
dealt, instead, with a White House sub- 
ordinate. 

Dr. Waterman asked that the Defense 
Department provide rockets to put the 
satellites in space. He said that the 



Foundation, which is financed by Gov- 
ernment appropriations, could pay for 
the satellites and their instruments. 

April 16, 7955^-The Russians re- 
vealed that they were planning to put up 
a space satellite. The Soviet Government 
formed a permanent team of top sci- 
entists to "work on problems of mastering 
cosmic space." The first assignment of 
this team was to put up a satellite which 
the Russians said would be "an auto- 
matic laboratory of scientific research." 

May 23-24, 1955-The Orbiter team 
gathered for the fifth— and last— time at 
Redstone Arsenal and Patrick Air Force 
Base in Florida to see a Redstone rocket 
fired. 

A schedule for the launching was es- 
tablished. Construction of a launching 
site was to begin in April, 1956; launch- 
ing of the first ball was planned for mid- 
summer or autumn of 1957. 

Spring-summer, 1 955-Decision on 
the rocket-satellite plans was made in 
the Defense Department. One man who 
was a high official, close to the President 
at that time, now says: 

"The Orbiter plan never got to the 
White House or to the National Security 
Council. This whole thing was settled in 
the Pentagon." 

Assistant Secretary Quarles laid com- 
peting satellite programs in the laps of 
nine top civilian scientists— the" Special 
Capabilities Panel, headed by Dr. Homer 
J. Stewart, a jet-propulsion expert. One 
of its members was Dr. Clifford C. Furnas. 

Dr. Furnas, now back at his regular 
job as chancellor of the University of 
Buffalo, tells" how the decision was made. 

The panel quickly turned down an 
Air Force offer of its Atlas rocket be- 
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[continued) 



MYSTERY OF SIDETRACKED SATELLITE 



cause it was improbable that the Atlas 
would be ready soon enough. 

Showdown— 1 955 

Final choice was between Army and 
Navy plans. The Army was in a position 
to shoot first, with the Redstone rocket. 
The Navy had better scientific instru- 
ments, but its launching rocket, based 
upon the Viking, would have to be re- 
built, with a bigger motor. 

Dr. Furnas says the panel found it 
impossible to combine the Army's rocket 
and the Navy's instruments because of 
service jealousies. 

Dr. Furnas and one other panel mem- 
ber voted to use the Army's rocket, to 



trates the lack of understanding of Wilson 
and some of his people of what research 
could really mean to the future of the 
Department of Defense. 

"They had this astonishing edict that 
research must always be tied to existing 
missions. 

"I once told them. I said, Took, you've 
got this upside down. What you should 
say is that existing missions should be 
tied to the ideas emerging from re- 
search.' " 

July 29, 1 955-The Government's 
decision to launch a satellite was made 
public at the White House by the Presi- 
dent's Press Secretary, James C. Hagerty. 

Dr. John P. Hagen, a scientist em- 




Unitcd Press 



DR. JOHN P. HAGEN, DIRECTOR OF PROJECT VANGUARD 
This program is now to be "supplemented" by Army Jupiter-C rockets 



get a satellite up the quickest way. Four 
panel members preferred the Navy's in- 
strumentation, even though it would 
mean delay in orbiting a satellite. Three, 
who said they were not experts on mis- 
siles, went along with the majority in 
favor of the Navy plan. Final vote was 
7 to 2. 

The split decision was laid before 
Mr. Quarles, He accepted the plan ap- 
proved by the majority. Vanguard was 
born; the Redstone plan died at once. 

Atmosphere in the Defense Depart- 
ment, when the decision was made, now 
is described by one of the nations fore- 
most scientists, who still helps to direct 
research vital to future weaponry. 

"Charlie Wilson said on more than one 
occasion that the earth satellite had no 
scientific interest to the Department of 
Defense," this scientist says. "This illus- 



ployed by the Naval Research Labora- 
tory, was put in charge of Vanguard. 

Aug. 2, 1955— L. I. Sedov, one of 
Russia's foremost space scientists, told 
a scientific convention in Copenhagen, 
Denmark, what the Russian plans were: 
to launch a satellite bigger and heavier 
than the 20-inch, 21-pound instrument 
contemplated by the U. S. Sedov said 
the Russians would launch their first 
4 moon" in about two years, in the late 
summer or autumn of 1957. 

The race now was on, at least in the 
Soviet view. 

August, 1955- A few days after 
the White House announcement, the 
Vanguard project was started. 

Contracts were let. The Martin Com- 
pany, of Baltimore, builder of the Viking 
rocket, got the over-all contract for an 
improved version to launch the satellite. 



Subcontracts went to General Elec- 
tric Company for the first-stage engine 
and to Aerojet General Corporation for 
the second-stage engine. Competing sub- 
contracts for the third stage were given 
to Allegheny Ballistics Laboratory and 
Grand Central Rocket Company. 

December, J956-A Viking rocket, 
carrying testing devices, was fired in the 
first of several tests for the Vanguard 
launching rockets. At this point, says 
Rear Adm. Rawson Bennett II, Chief of 
Naval Research, trouble developed that 
took time and millions of dollars to over- 
come. 

Admiral Bennett told a House sub- 
committee that the first-stage rocket 
motor burned out. "The nozzles, the in- 
jectors, and other items were not being 
accurately enough made." 

May 1, 7957-Dr. Richard W. Porter, 
chairman of a scientific panel on the 
Vanguard program, told a House sub- 
committee that the target date for 
launching the first U. S. test satellite was 
being postponed. It had been planned 
for September, 1957. The delay was in 
providing rockets. 

June- July, 1957-The Navy asked 
Congress for a supplemental appropria- 
tion to pay the extra cost of rebuilding 
the troublesome rocket engines. The 
amount asked was 34.2 million dollars, 
running the total for the Vanguard proj- 
ect to 110 million. 

Payoff for Russia— 1957 

Ocf. 4, 1957— Russia launched the 
worlds first earth satellite, Sputnik I. 
A month later, on November 3, Russia 
launched Sputnik II, containing a live 
dog and many complex scientific instru- 
ments. 

Nov. 8, 1957-The new Secretary of 
Defense, Neil H. McElroy, ordered the 
Army to use its Jupiter-C test missile to 
launch scientific satellites as a "supple- 
ment" to the Vanguard program. The 
Redstone rocket, one of the component 
of Jupiter-C, is a proven engine, nov 
in production. It is available in nur 
bers. 

The U. S. still has no satellite beepj 
through space. But, by coming bac 1 
a rocket once shunted aside, oft 
hope that, even though the U. S. finisl 
second in the race, it will at least 
able to match the Russians in numbei 
of satellites. 

Close-up of two men charged with get- 
ting U. S. satellite into space, page 98. 
President Eisenhower—how U. S. will 
meet challenge of Soviet science, page 
114. 
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SPIN STABILITY OF THE EXPLORER 
SATELLITE 

by 

William Bollay, Stanford University 

Abstract 

The first U, S* satellite, the Explorer was a highly successful 
satellite in accomplishing its scientific mission. It showed, however, 
an anomolous and completely unexpected dynamic behavior: It changed 
its direction of rotation from spinning about its axis of revolution at 10 
rpm into a spin about its cross axis at about 2 rpm, after approximately 
one orbit. According to the classical theory of dynamics of rigid bodies 
it should have kept spinning stably about its axis of minimum moment of 
inertia* 

This case presents the story of what happened and an explanation 
of the phenomenon: During the launch and separation four small whip 
antennas were started vibrating. This vibration absorbed energy which 
had to come from the kinetic energy of rotation T = 1/2IGJ 2 * Since the 
angular momentum L = 100 of a free satellite is conserved, the energy 
T = 1/2IC) 2 = L 2 /2I can only decrease if the moment of inertia I is in- 
creased. Thus the satellite changed its axis of rotation toward the axis 
of maximum moment of inertia, For real engineering structures, which 
always have a certain deflection and internal damping the classical theory 
of dynamics must therefore be amended to state: A body spinning about 
its axis of maximum moment of inertia is in stable rotation* A body 
spinning about its axis of minimum moment of inertia is in stable rota- 
tion only in the absence of damping and energy absorption* As a result 
of this new understanding all spin- stabilized satellites after Explorer 
were designed to spin about the axis of maximum moment of inertia. 

In Part III two other dynamic phenomena encountered in the Ex- 
plorer development are described^ 

A, Coupling of Whirl Vibration of the Explorer Cluster with 
bending vibration of the launch vehicle* 

B. Increase of the spin rate by rocket exhaust* 

In Part IV some of the historical background is presented on the evo 
lution of the Explorer concept. 

(o) 1966 by the Board of Trustees of Leland Stanford Junior University 
Prepared with the support of the National Science Foundation, 
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Instructor's Notes 



This case is suitable for use in courses in engineering 
dynamics and mechanical vibrations. 

It is suggested that the instructor present the case in 
separate assignments as follows 

First assignment: Part I (not including the abstract 

which contains the answer) 

and possibly Part IV (Historical background) 

Second assignment: Part II 

Third assignment: Part IIIA. Particularly suited for 

a course in mechanical vibrations 

Fourth assignment: Part IIIB. Presents interesting 

illustrations of the principle of 
angular momentum 

Additional source material on part IIIB is contained in the 
following reference: 

NASA Technical Memo X-75 - Experimental and Analytic 

Study of Rolling Velocity 
Amplification during the 
Thrusting Process for Two 
10 inch diameter Spherical 
Rocket Motors in Free Flight 
- by C. William Martz and 
Robert L. Swain 

Part IV presents the historical background of the Explorer 
development. Some potentially important lessons might be drawn 
from this experience. 

The decision makers who proposed the replacement of the 
proven Redstone booster, by the more elegant but unproven Van- 
guard were largely a group of scientists rather than engineers. 
They did not appreciate the value of reliability in well-proven 
hardware, and the high cost and time required to develop the new 
Vanguard components. 
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The fact that the Soviets achieved the first artificial 
earth satellite has probably had the following unintended 
beneficial effects upon U. S. policy: 

(1) It provided the U. S. with a clear picture of the 
Soviet ballistic missile capability and their 
general scientific and technical competence. 

(2) It resulted in a greatly improved program in 
U. S. science education in the high schools and 
colleges. 

This was stimulated by the same scientists who 
had made the wrong decision in the Vanguard* 
vs. Explorer argument. They blamed the IL S. 
delay in coming up with a successful satellite 
upon poor scientific education in the schools. 

(3) It resulted in persuading the U.S. Congress 

and the American people to provide the necessary 
funds for a U- S. Space Program. It is an open 
question whether this could have been done without 
this spur of Soviet competition. 
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